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Effect of Dietary Crude Protein Versus
Crystalline Amino Acids on Growth
Performance, Serum Insulin-Like Growth 
Factor-I Concentration, and IGF-I mRNA







Fifty-six crossbred gilts with an 
initial body weight of 7 lb were used 
in a 26-day growth study.­ The pigs 
were randomly allocated to one of sev-
en dietary treatments and individually 
penned (8 replicates/treatment).­ The 
dietary treatments consisted of four 
standard corn-soybean meal diets, 
which were formulated by changing 
the corn and soybean meal (10, 14, 18, 
and 22% CP) ratio and three low-pro-
tein, amino acid-supplemented diets 
formulated to contain similar lysine, 
methionine, tryptophan, and threonine 
concentrations as the corn-soybean 
meal diets (10% CP + AA,14% CP 
+ AA, and 18% CP + AA).­ Pig and 
feeder weights were recorded weekly 
for the determination of ADG, ADFI, 
and feed efficiency (ADG/ADFI). 
Blood samples were collected weekly 
and analyzed for plasma urea and 
Insulin-like Growth Factor –I (IGF-I) 
concentrations.­ On day 26, real-time 
ultrasound backfat and longissimus 
muscle area measurements were re-
corded and used for the calculation of 
fat-free lean gain.­ There was no differ-
ence (P > 0.­10) in ADFI among treat-
ments throughout the 26-day period.­ 
Pigs fed the corn-soybean meal diets 
(14, 18, and 22% CP) had greater 
ADG (1.­81 versus 1.­68 lb; P < 0.­05) 
and ADG/ADFI (0.­44 versus 0.­40 lb/
lb; P < 0.­05) than pigs fed the reduced 
CP amino acid-supplemented diets 
(10% CP + AA, 14% CP + AA, and 
18% CP + AA) throughout the experi-
ment.­ Fat-free lean gain increased as 
dietary CP or total amino acid con-
centration increased (P< 0.­01); how-
ever, no differences (P > 0.­40) were 
observed between gilts fed the corn-
soybean meal (78 g/day) versus CP 
amino acid-supplemented diets (68 
g/day).­ Increasing dietary CP or total 
amino acid concentration increased 
serum IGF-I concentrations on day 
26 (P < 0.­01).­ Serum concentration 
was different (P < 0.­05) between gilts 
fed the corn-soybean meal versus low-
CP, amino acid-supplemented diets 
(505 vs.­ 445 ng/mL, respectively).­ 
Real-time PCR results indicated an 
effect (P < 0.­05) of dietary treatment 
on mRNA expression in the liver and 
semitendinosus muscle.­ Also, IGF-I 
mRNA expression was greater (P < 
0.­01) in the semitendinosus muscle 
and adipose tissue of gilts fed corn-
soybean meal diets compared to gilts 
fed low-protein, amino acid-supple-
mented diets.­ These results suggest 
that the form of dietary amino acid 
supplementation affects serum IGF-I 
concentrations and mRNA expression 
in semitendinosus muscle and adipose 
tissue.­ The interaction between diet 
and the pig’s growth potential are 
complex.­ The form and quantity of 
dietary amino acids impact this inter-
action.­ These results provide a basis to 
explore how diet affects the metabolic 



































































































































Table 1. Ingredient and chemical composition of diets, as-fed basis.
	 	 	 	 	Dietary	protein	concentration,	%
Item		 10	 14	 10+AA	 18	 14+AA	 22	 18+AA
Ingredient,	%
	 Corn		 89.10	 79.00	 89.10	 69.10	 78.95	 59.00	 69.10	
	 Soybean	meal,	46.5%	CP	 5.50	 15.75	 5.50	 25.75	 15.75	 36.00	 	25.75
	 Tallow	 3.00	 3.00	 3.00	 3.00	 3.00	 3.00	 3.00	
	 Dicalcium	phosphate	 1.05	 1.00	 1.05	 0.95	 1.00	 0.85	 0.95
	 Limestone	 0.70	 0.65	 0.70	 0.58	 0.65	 0.55	 0.58
	 Salt	 0.30	 0.30	 0.30	 0.30	 0.30	 0.30	 0.30
	 Vitamin	premix	a	 0.20	 0.20	 0.20	 0.20	 0.20	 0.20	 0.20	
	 Mineral	premix	b	 0.15	 0.15	 0.15	 0.15	 0.15	 0.15	 0.15
	 L-lysine•HCl	 —	 —	 0.20	 —	 0.215	 —	 0.22
	 Threonine	 —	 —	 0.036	 —	 0.036	 —	 0.045
	 Tryptophan	 —	 —	 0.096	 —	 0.105	 —	 0.105
	 Methionine	 —	 —	 0.033	 —	 0.033	 —	 0.039
Composition,	%
	 CP	c	 10.05	 13.92	 10.37	 18.11	 14.55	 22.01	 18.30
	 Lysine	d	 0.39	 0.65	 0.65	 0.92	 0.92	 1.19	 1.19
	 Calcium	d	 0.60	 0.60	 0.60	 0.60	 0.60	 0.60	 0.60
	 Total	phosphorus	d	 0.23	 0.23	 0.23	 0.23	 0.23	 0.23	 0.23
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Table 2. Effect of protein concentration and crystalline amino acids on growth performance of growing gilts.
	 Dietary	treatment	 Main	Effects	a
	 	 	 	 	 	 	 	 	 	 	 	 CP	vs
Item		 	 10	 14	 10+AA	 18	 14+AA	 22	 18+AA	 SEM	 TRT	 AA
Total	number	of	pigs	 8	 8	 8	 8	 8	 8	 8
Growth	performance
	 	 Initial	wt,	lb	 73.18	 72.54	 73.18	 73.05	 73.43	 72.76	 72.85	 1.940	 NS	 NS
	 	 Final	wt,	lb	 99.97	 113.51	 104.91	 122.11	 122.00	 123.88	 123.88	 2.992	 <	0.01	 NS
	 d	0	to	26	 ADG,	lb	b	 1.04	 1.56	 1.21	 1.90	 1.87	 1.96	 1.96	 0.104	 <	0.01	 <	0.05
	 	 ADFI,	lb	c	 3.86	 4.08	 3.64	 4.26	 4.30	 4.17	 4.17	 0.181	 NS	 NS
	 	 ADG/ADFI,	lb/lb	 0.26	 0.39	 0.33	 0.45	 0.44	 0.47	 0.47	 0.012	 <	0.01	 <	0.05	
Ultrasound	measurements
	 Initial	 Backfat,	in	 0.32	 0.31	 0.30	 0.31	 0.31	 0.31	 0.31	 0.016	 NS	 NS
	 	 LMA	d,	in2	 2.14	 2.05	 2.20	 2.12	 2.09	 2.12	 2.19	 0.087	 NS	 NS
	 Final	 Backfat,	in	 0.42	 0.43	 0.37	 0.39	 0.42	 0.40	 0.39	 0.022	 NS	 NS
	 	 LMA,	in	 2.62	 3.16	 3.45	 3.72	 3.52	 3.70	 3.79	 0.128	 <	0.01	 NS
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Table 3. Effect of protein concentration and crystalline amino acids on carcass measuremnts of growing gilts.
	 Dietary	treatment	 Main	Effectsa
Item		 10	 14	 10+AA	 18	 14+AA	 22	 18+AA	 SEM	 TRT	 CP	vs	AA
Total	number	of	pigs	 8	 8	 8	 8	 8	 8	 8
Carcass	measurements
	 Hot	carcass	wt,	lb	 67.80	 77.24	 74.31	 86.19	 86.02	 86.94	 89.19	 2.622	 <	0.01	 NS
Midline	backfat	
First-rib,	in	 1.12	 1.09	 1.04	 1.06	 1.08	 1.06	 1.05	 0.046	 NS	 NS
	 Tenth-rib,	in	 0.54	 0.49	 0.55	 0.52	 0.56	 0.57	 0.56	 0.036	 NS	 NS
	 Last-rib,	in	 0.50	 0.47	 0.47	 0.46	 0.49	 0.52	 0.48	 0.035	 NS	 NS
	 Last	lumbar,	in	 0.44	 0.43	 0.44	 0.46	 0.45	 0.48	 0.44	 0.029	 NS	 NS
Other	carcass	measurements
	 Tenth-rib,	in	 0.38	 0.34	 0.28	 0.31	 0.34	 0.27	 0.31	 0.036	 NS	 NS
	 LMAb,	in2	 2.78	 3.62	 3.94	 4.24	 4.07	 4.42	 4.26	 0.147	 <	0.01	 NS
	 Carcass	length,	in	 24.54	 25.78	 24.66	 25.76	 25.66	 25.86	 26.67	 0.281	 <	0.05	 <	0.05




Table 4. Effect of protein concentration and crystalline amino acids on organ weights of growing gilts.
	 Dietary	treatment	 Main	Effects	a
Item		 10	 14	 10+AA	 18	 14+AA	 22	 18+AA	 SEM	 TRT		 CP	vs	AA
Total	number	of	pigs	 8	 8	 8	 8	 8	 8	 8
Empty	body	weight,	lb	 94.51	 109.15	 100.99	 118.65	 119.36	 120.33	 121.25	 2.710	 <	0.01	 NS
Organ	weights
	 Heart,	g	 219	 219	 212	 216	 216	 205	 199	 6.14	–	8.3	 NS	 NS
	 Liver,	g	 1,054	 983	 895	 971	 941	 1,050	 930	 29.2	–	39.2	 <	0.01	 <	0.01
	 Kidney,	g	 186	 188	 167	 210	 192	 230	 208	 6.3	–	8.5	 <	0.01	 <	0.01
	 Lungs,	g	 527	 574	 510	 526	 534	 568	 511	 31.1	–	41.9	 NS	 NS
	 Pancreas,	g	 78	 80	 78	 87	 87	 86	 89	 5.3	–	7.1	 NS	 NS
	 Stomach,	g	 369	 367	 365	 327	 353	 342	 320	 9.1	–	12.3	 <	0.02	 NS
	 Small	intestine,	g	 1,089	 1,136	 1,012	 988	 1,137	 1,199	 1,064	 70.4	–	94.8	 NS	 NS
	 Large	intestine,	g	 906	 846	 808	 750	 697	 779	 705	 30.2	–	40.7	 <	0.01	 <	0.05
	 Mesentary,	g	 877	 780	 807	 703	 670	 636	 601	 36.4	–	48.9	 <	0.02	 NS	
art	=	comparison	of	seven	dietary	treatments,	CP	vs	AA	=	comparison	corn-soybean	meal	diets	(14,	18,	and	22%	CP)	versus	low-protein,	ami-
no	acid	supplemented	diets	(10%	CP	+	AA,	14%	CP	+	AA,	and	18%	CP	+	AA),	and	NS	=	nonsignificant	effect,	P	>	0.10.
Table 5. Effect of protein concentration and crystalline amino acids on carcass accretion of growing gilts.
	 Dietary	treatment	 Main	Effects	a
Item		 10	 14	 10+AA	 18	 14+AA	 22	 18+AA	 SEM	 TRT	 CP	vs	AA
Total	number	of	pigs	 8	 8	 8	 8	 8	 8	 8
Cold	carcass	weight,	lb	 66.64	 76.18	 72.50	 84.87	 85.55	 85.44	 87.87	 2.434	 <	0.01	 NS
	 Accretion	rates,	g/day
	 Protein	 40	 67	 70	 117	 116	 119	 128	 5.7	 <	0.01	 NS
	 Water	 106	 212	 199	 339	 333	 353	 369	 20.7	 <	0.01	 NS
	 Fat	 175	 133	 149	 164	 182	 149	 169	 17.6	 NS	 NS
	 Ash	 10	 15	 13	 18	 18	 17	 16	 1.1	 <	0.01	 NS
aTrt	=	comparison	of	seven	dietary	treatments,	CP	vs	AA	=	comparison	corn-soybean	meal	diets	(14,	18,	and	22%	CP)	versus	low-protein,	
amino	acid	supplemented	diets	(10%	CP	+	AA,	14%	CP	+	AA,	and	18%	CP	+	AA),	and	NS	=	nonsignificant	effect,	P	>	0.10.













































































































	 	 a	b	 a	b	 a	b	 a	b
 d0 d7 d14 d21 d26
	 SEM	1.329	 SEM	1.712	 SEM	1.726	 SEM	2.228	 SEM	1.877
















	 d0 d14 d26
	 SEM	36.548	 SEM	31.550	 SEM	33.159
aTrt	Effect	P	<	0.01
bCP	vs	AA	P	<	0.05
10%	CP	 14%	CP	 10%	CP	+	AA	 18%	CP
14%	CP	+	AA	 22%	CP	 18%	CP	+	AA
(Continued on next page)






























































































Figure 4. Effect of dietary treatment on longissimus muscle IGF-I mRNA expression.


















	 10	 14	 10	+	 18	 14	+	 22	 18	+



















	 10	 14	 10	+	 18	 14	+	 22	 18	+
	 	 	 AA	 	 AA	 	 AA


















































































































	 10	 14	 10	+	 18	 14	+	 22	 18	+





























	 10	 14	 10	+	 18	 14	+	 22	 18	+
	 	 	 AA	 	 AA	 	 AA
CP	vs	AA	P	<	0.01
SEM	=	2.078
(Continued on next page)
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diets.	Gilts	fed	the	18%	CP	+	AA	
had	greater	plasma	urea	concen-
tration	than	gilts	fed	the	10%	CP	+	
AA	and	14%	CP	+	AA,	indicating	
that	the	CP	requirement	of	gilts	
in	this	experiment	was	>	18%	CP	
and	0.92%	total	lysine.	However,	
serum	IGF-I	concentrations	were	
decreased	in	pigs	fed	the	10%	CP,	
10%	CP	+	AA	and	14%	CP	diets,	
indicating	that	the	consumption	of	
a	diet	below	the	pigs	dietary	crude	
protein	requirement	(18%)	was	as-
sociated	with	a	reduction	in	IGF-I	
serum	concentration.	Also,	serum	
IGF-I	concentrations	were	reduced	
in	gilts	fed	the	low-protein,	AA-
supplemented	diets	which	is	
supported	by	the	reduction	in	
IGF-I	mRNA	in	semitendinosus	
and	adipose	tissue.	However,	this	
reduction	in	IGF-I	serum	concen-
trations	or	mRNA	expression	did	
not	result	in	reduction	in	FFLG	
or	carcass	protein	accretion	rate.	
Thus,	the	reduction	in	serum	IGF-I	
concentration	in	gilts	fed	the	AA-
supplemented	diet	was	not	severe	
enough	to	have	an	impact	on	lean	
growth	rate	or	carcass	protein	ac-
cretion.	Therefore,	the	results	of	
the	current	experiment	suggest	
that	the	feeding	of	low-protein,	
AA-supplemented	diets	does	
result	in	a	decrease	in	serum	IGF-I	
concentration	and	IGF-I	mRNA	
expression	in	semitendinosus	and	
adipose	tissue,	but	this	reduction	
in	expression	and	serum	concen-
tration	only	partially	explains	
growth	rate	and	carcass	compo-
sition	results	for	gilts	fed	corn-
soybean	meal	and	low-protein,	
AA-supplemented	diets.	
1Robert	L.	Fischer	is	a	former	research	
technologist	and	graduate	student,	Ruth	
M.	Diedrichsen	is	a	laboratory	supervisor,	
Debra	T.	Clopton	is	a	research	analyst,	
Andrea	S.	Cupp	is	an	assistant	professor,	
and	Phillip	S.	Miller	is	a	professor	in	the	
Animal	Science	Department.
increases	above	the	requirement	
for	protein	accretion,	the	excess	
amino	acids	must	be	processed	in	
the	liver	by	deaminating	the	excess	
amino	acids	and	removing	the	
nitrogen	by	producing	urea	which	
is	filtered	out	of	th­e	blood	by	th­e	
kidneys	and	excreted	from	the	
body	in	urine.	Thus,	feeding	low-
protein,	AA-supplemented	diets	
reduces	the	excess	non-essential	
AA	that	are	not	used	for	protein	
deposition,	and	thus	the	nitrogen	
(urea)	excreted	is	reduced.	The	
increase	in	plasma	urea	concentra-
tion	in	the	pigs	fed	the	22%	CP	
diet	indicates	that	the	dietary	CP	
requirement	for	pigs	in	this	experi-
ment	was	greater	than	18%	CP	and	
is	supported	by	the	NRC	(1998)	
model	which	suggests	that	the	
dietary	CP	requirement	for	high-
lean	gain	gilts	with	a	body	weight	
of	approximately	100	lb	is	19.2%	
CP.	
	Gilts	fed	the	10%	+	AA	and	
14%	CP	had	similar	serum	IGF-I	
concentrations	and	had	IGF-I	
concentrations	greater	than	gilts	
fed	the	10%	CP	diet	which	had	the	
lowest	serum	IGF-I	concentration.	
The	IGF-I	concentrations	increased	
from	day	0	to	day	14,	and	to	day	
26	of	the	experiment	indicating	
that	serum	IGF-I	concentration	
responded	quickly	to	a	change	
in	dietary	CP	concentration.	
However,	it	was	interesting	to	
detect	a	difference	in	serum	IGF-I	
concentration	between	the	sources	
of	amino	acids,	with	gilts	fed	the	
corn-soybean	meal	diets	having	
greater	serum	IGF-I	concentrations	
as	compared	to	the	gilts	fed	the	
low-protein,	AA-supplemented	
diet.	Results	from	this	experiment	
indicate	that	the	production	and	
release	of	IGF-I	into	the	blood	is	
inhibited	by	the	consumption	of	a	
diet	providing	AA	concentrations	
below	the	requirements	(10%	CP,	
10%	CP	+	AA,	and	14%	CP	diets).	
This	reduction	in	serum	IGF-I	is	
a	possible	causative	factor	in	the	
reduction	in	FFLG	and	carcass	pro-
tein	accretion	rates	in	the	gilts	con-
suming	the	10%	CP,	10%	CP	+	AA,	
and	14%	CP	diets.	These	results	
suggest	that	the	consumption	of	a	
diet	deficient	in	CP	and(or)	amino	
acids	does	inhibit	the	production	
of	IGF-I	and	the	actions	of	IGF-I	
(i.e.,	muscle	protein	accretion)	are	
partially	inhibited.	
Tissue IGF-I Expression.­	
Expression	of	IGF-I	mRNA	in	
the	longissimus	muscle	was	not	
affected	by	dietary	protein	and(or)	
amino	acid	concentration.	Howev-
er,	th­ere	was	a	significant	increase	
in	IGF-I	mRNA	in	liver	and	
semitendinosus	muscle	tissue.	The	
data	from	the	current	experiment	
suggest	that	the	circulating	con-
centration	of	IGF-I	does	have	an	
effect	on	muscle	growth	and	that	
the	actions	of	IGF-I	on	muscle	may	
function	in	both	an	endocrine	and	
autocrine/paracrine	manner.	This	
statement	is	supported	by	data	
from	the	current	experiment	that	
showed	both	a	decrease	in	serum	
IGF-I	concentration	and	reduced	
tissue	mRNA	expression	in	gilts	
fed	diets	not	meeting	amino	acid	
requirements.
Conclusion
Results	from	this	experiment	
demonstrate	that	growing	gilts	
respond	to	increased	dietary	CP	
and(or)	amino	acid	concentrations.	
As	dietary	CP	and	amino	acid	
concentrations	were	increased	
in	th­e	diet	from	deficient	to	ade-
quate	concentrations	there	was	
an	improvement	in	ADG,	feed	
efficiency,	and	FFLG.	A	similar	
effect	was	detected	in	plasma	urea	
concentrations.	Pigs	fed	the	22%	
CP	diets	had	an	increase	concen-
tration	of	plasma	urea	compared	to	
the	pigs	fed	the	10,	14,	and	18%	CP	
